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We had been gradually working towards building a comprehensive quarkonia suppression for-
malism to explain all 3 dependencies of quarkonium suppression obtained from heavy-ion collision
experiments. We present here the improved version of quarkonia suppression framework. It assumes
bottomonia produced in the early stage which dissociates due to color screening, gluonic dissociation,
and collisional damping in addition to the shadowing as an initial state effect. The QGP medium
formed in the collisions is assumed to evolve under (3+ 1)-dimensional relativistic viscous hydrody-
namics which is modeled using ECHO-QGP. This replaces the Bjorken’s hydrodynamics which we
had used in our earlier work where we determined the centrality and transverse momentum depen-
dent suppression. The correlated bottom quark and bottom anti-quark could recombine in the plasma.
A rate equation is employed, whose solution gives the final number of bottomonium after dissocia-
tion and recombination under (3+ 1)-dimensional expansion of the QGP medium. The Shadowing
effect, which is the dominant Cold Nuclear Matter effect at LHC energies, has now been modified
by employing the most recent parton distribution functions obtained from CT14 global analysis and
shadowing factors from EPPS16. Using this improved formalism we determine the centrality, trans-
verse momentum, and rapidity, dependencies of bottomonium suppression for Υ(1S), and Υ(2S) at
the LHC’s energies of 2.76 TeV and 5.02 TeV. We find a fairly good agreement between theoretically
calculated survival probability and the measured nuclear modification factor(RAA) at the two ener-
gies.
I. INTRODUCTION
We have made considerable progress in our under-
standing of the strong nuclear force since the advent of
heavy-ion collision experiments especially at Relativis-
tic Heavy-ion Collider and nowwith LargeHadron Col-
lider (LHC) [1, 2]. Quantum Chromodynamics (QCD),
the theory of strong interaction predicts that a thermal-
ized medium of Quark-Gluon Plasma should form as
a transient stage of heavy-ion collisions when the tem-
perature and/or matter density of the fireball exceeds a
certain threshold value. The largest portion of the spec-
ulative phase diagram of the QCD is occupied by this
QGP [3, 4]. It is pertinent for us to investigate the exis-
tence and nature of this medium in order to make ad-
vancement in our understanding of QCD and its lim-
its. So far, the experimental findings indicate forma-
tion of an inviscid medium as opposed to the theoret-
ical predictions based on lattice QCD simulations and
the asymptotic property of QCD [5]. Models motivated
by effective theories favours early thermalization of the
system in order to satisfactorily explain the observables
measured after freeze-out [6–8]. But we do not yet fully
understand how the process of thermalization can hap-
pen so early [9]. What makes this problem of charac-
terizing QGP so difficult is the sheer complexity of the
system. The only variables in our control are particle
species and the energy of collision. All the rest has to be
inferred indirectly from the observables. Predicting the
transport and thermodynamic properties of a medium
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formed in heavy-ion collision by analysing patterns in
the produced particle yields is a scrupulous task. Hence,
modelling of such a complex system can only be dealt
phenomenologically [10]. Right after the collision, we
get a fireball where the medium consisting of quarks
and gluons expand against the surrounding vacuum
and cools down very rapidly. We assume that this sys-
tem thermalizes quickly after the collision and we mark
the time required for the system to thermalize as QGP
formation time. Hydrodynamics begins from this point
and ends when the system temperature falls below the
critical temperature of the QGP. One way of testing a
given model is by calculating a physical quantity which
could act as a theoretical counterpart of an observable
measured in detectors. If QGP does exist as a transient
stage of heavy-ion collision, then we should be able to
notice an agreement between these two quantities [11].
Among many of such signatures of QGP, one is quarko-
nia suppression, on which we are concentrating in the
current work. Quarkonia are mesonic bound states of
heavy quark and heavy anti quark, which are produced
in the early stage of collision. They could dissociate due
to various interactions with the partons in the medium
and would be detected comparatively lesser than in col-
lision systems where we do not expect QGP, like at low
energies and pp collisions [12]. In order to quantify this
suppressed production of quarkonium, experimental-
ists measure a physical quantity called nuclear modifi-
cation factor(RAA). It is the quarkonia yield in heavy-
ion collision divided by the yield of the quarkonium in
p-p collision scaled by Ncoll. Its value less than one,
greater than one and equal to one indicates suppression,
enhancement and no medium effect, respectively. Sur-
prisingly, there are cases which contribute to suppres-
2sion in collision systems where we do not expect a ther-
malized medium. This non-QGP effect arises due to sit-
uations before collisions (initial state effects where the
system is said to be cold), even though small needs to
be modelled into the total suppression scheme. These
non-QGP effects are called cold nuclear matter (CNM)
effects. The RAA is measured over a wide span of colli-
sion energies as a function of centrality, Npart, transverse
momentum, pT and rapidity, y. Various phenomenolog-
ical models have been employed to explain its measured
values consistently over varied energies and system of
collisions [9]. Few of them explain centrality depen-
dence, few both pT and centrality dependence. Very few
of them have been employed to explain all the three de-
pendences of suppression over a wide range of available
center of mass energies.
In our earlier work published in Eur. Phys. J C
79, 147 (2019), we had explained the pT and Npart de-
pendence of RAA over a wide range of LHC energies.
It was based on the suppression due to colour screen-
ing, gluonic dissociation and collisional damping un-
der (1+ 1)-dimensional Bjorken’s expansion of the ther-
malized medium. The net quarkonium yield was de-
termined using a rate equation which combines sup-
pression and recombination due to correlated quark anti
quark pairs. However, it could not explain the rapidity
dependence and does not incorporate the more realistic
transverse expansion of the medium. We have now re-
formulated the whole framework using ECHO-QGP to
make use of (3+ 1)-dimensional hydrodynamic expan-
sion [13]. The CNM calculations has also been updated
with the latest parton distribution functions and shad-
owing factors.
In the current work, we apply this formalism to ex-
plain the complete dependence of bottomonia (Υ(1S)
and Υ(2S)) suppression at two LHC energies. We first
calculate the yields for different ground as well as ex-
cited states and then calculate the final yield for (1S) and
(2S) states by including directly produced yield as well
as the part arising due to decay from the excited states
of bottomonium [14]. We employ quasi-particle model
equation of state for the expanding QGP medium. We
then find a quantity called survival probabilitySp which
is theoretically equivalent to the experimentally mea-
sured RAA. We determine this as a function of trans-
verse momentum, centrality and rapidity at 2.76 TeV
and 5.02 TeV energies and then compare with the corre-
sponding RAA values. On comparison, we find a reason-
ably well agreement between Sp and RAA at two LHC
energies.
The arrangement of topics in this paper is as follows.
Sec. I describe the general Introduction of the proposed
work. In Sec. II, we briefly describe the model and the
important modifications over our earlier approach start-
ing with the (3+ 1)-dimensional hydrodynamics based
on ECHO-QGP. We note the inputs used for ECHO-
QGP and how these are incorporated in the suppression
model. In the following subsections, various effects in-
corporated in the model are described. Sec. III presents
the results and discussions for bottomonium suppres-
sion at two LHC energies with various dependencies.
And lastly in Sec. IV, we summarize and conclude the
work and the results obtained using our formalism.
II. FORMALISM
Here we describe the formalism in brief while empha-
sizing mostly on changes/modifications made to it. A
significant portion of it is similar to our earlier work.
One can find details about each topic in [15–18].
A. (3+1)-dimensional Hydrodynamical Expansion of the
Medium
The Bjorken’s hydrodynamics, which we used in
our earlier work has now been replaced with (3 + 1)-
dimensional expansion modelled by ECHO-QGP for-
malism. Bjorken’s evolution based cooling laws are eas-
ier to implement in a model since they arise in terms
of analytical expressions. Bjorken’s approximation as-
sumes that the system expands only along longitudi-
nal direction and is restricted to the plateau region of
rapidity spectra(dN/dy vs y). This leads to tempera-
ture, pressure, energy density and entropy density be-
coming an explicit function of proper time [19]. Thus,
models based on Bjorken’s evolution are convenient and
quick to estimate physical quantities at midrapidity, but
are essentially ineffective in describing the complete pic-
ture. In order to simulate the true dynamics of a colli-
sion which will be valid at extreme rapidities and also
in transverse directions, one has to switch to the com-
plete (3+ 1)-dimensional hydrodynamics. ECHO-QGP
is a FORTRAN based package to compute the numer-
ical solutions of the conservation equations of (3+1)-
dimensional relativistic viscous hydrodynamics using
Israel-Stewart’s second order formalism [13]. It features
(2+ 1)-D or (3+ 1)-D simulation of nucleus-nucleus or
proton-nucleus collision system. A Cooper-Frye based
freeze-out is also included in the package to determine
the momentum spectra of the emitted particles. Some
of the key parameters used in ECHO-QGP are summa-
rized in Table I. We ran the complete hydrodynamics
code for 11 values of impact parameter covering 0 −
100% centrality range. We choose the geometric Glauber
initialization with tabulated quasi-particle equation of
state [20, 21]. The initialization also requires a rapidity
profile of p−p collisions as an input. The two parame-
ters characterizing this profile are ∆s, which is the exten-
sion of the rapidity plateau and ση, which is the width
of the Gaussian falloff of the profile. Values for both of
these are displayed in Table I [13, 22]. τπ is the relaxation
time coefficient for viscosity of second order and η/s
is shear viscosity to entropy density ratio[23, 24]. We
have made an assumption here that the collision system
3TABLE I: Key parameters used as input in ECHO-QGP
Parameters Values
Initialization Geometric Glauber
Equation of State Tabulated Quasi-particle
Grid Size (fm) 30×30×30
Grid points 125
Shift in pp rapidity
distribution, ∆s
4.6
Width of pp rapidity
distribution, ση
1.6
Relaxation time for
viscosity, τπ
3.0
η/s 0.1 ≈ 1.25 ×(1/4π)
For 2.76 TeV For 5.02 TeV
tstart(fm/c) 0.25 0.2
σNN(mb) 61.8 68
for 2.76 TeV and 5.02 TeV thermalizes at 0.25 f m/c and
0.2 f m/c, respectively[23, 25, 26]. The inelastic nucleon-
nucleon cross-section was set to be 61.8 mb and 68 mb
for 2.76 TeV and 5.02 TeV, respectively [20]. We mark the
end of QGP phase at the value of proper time when the
maximum temperature of the system drops below the
critical temperature of QGP. The most recently accepted
value of the critical temperature(Tc) of QGP computed
by Lattice QCD collaborations is 156 MeV [27, 28]. Lat-
tice QCD predicts formation of a thermalized medium
at energy density above 1.0 GeV/fm3 [29]. Initial en-
ergy density which goes as an input in ECHO-QGP is
calculated roughly using [19, 30]
ǫ0 =
1
ATτ0
J(y, η)
dET
dy
, (1)
where AT is the overlap area of colliding nuclei, τ0
is initial time, J(y, η) is a Jacobian whose value is taken
as 1.09 [31] at LHC energy. dET/dy is the differential
transverse energy whose value is 2100 GeV for 2.76 TeV
at most central collision [32]. AT for both the energies of
interest are available in [31]. The differential transverse
energy for 2.76 TeV is obtained for different centralities
from [33].
The suppression formalism, which will be described
in the next section, requires temperature of the medium
at different centralities and rapidities as a function of
proper time. We obtain the same by running ECHO-
QGP package code. Calculating suppression at all trans-
verse (x,y) points is computationally infeasible. Hence,
temperatures are integrated over the transverse plane
for each proper time value with a Gaussian weight fac-
tor and are taken as an input in the suppression formal-
ism. The standard deviation of this Gaussian profile is
varied within a specific range which is explained in the
results and discussion section. This is how ECHO-QGP
provides temperatures to calculate the final number of
quarkonia. The contour plots in fig.1 depict tempera-
ture cooling in x-y plane for different proper time values
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FIG. 1: Temperature coutours (in GeV units on
color-bar) in x-y plane at most central collision at 2.76
TeV for τ = 0.25, 0.85, 5.05 and 13.05 f m/c.
generated using ECHO-QGP at
√
sNN = 2.76 TeV.
B. Suppression formalism
Bottomonium formed in the early stage of collision
will drift in the medium and decays into lighter par-
ticles that are eventually detected. During its time in
the medium, this bound state is affected by various dis-
sociation mechanisms like color screening, collisional
damping and gluonic dissociation, which are individ-
ually explained below along with the possible recombi-
nation due to correlated b − b¯ pairs.
Gluonic Dissociation
Gluonic dissociation is referred to the process of scat-
tering of a bottomonium singlet with soft gluon in QGP
medium resulting in its excitation to color octet state.
The cross-section for this process is calculated as [34]:
σdiss,nl(Eg) =
π2αus Eg
N2c
√
mq
Eg + Enl
(l + 1)|Jq,l+1nl |2 + l|J
q,l−1
nl |2
2l + 1
(2)
where, Eg is the soft gluon energy, Enl is the eigen val-
ues corresponding to the quarkonium wave function
(gnl(r)), mq is quark mass in GeV, Nc is the number of
color charges, αus = αs(mqα
2
s/2) ≈ 0.59.
J
q,l ′
nl =
∫
∞
0
r g∗nl(r) hqi′(r) dr (3)
4Above equation gives the probability density, where g∗nl
and hqi′(r) are the singlet and octet wavefunction of bot-
tomonium, respectively obtained after numerically solv-
ing the 3-dimensional Schrödinger’s equation. We inte-
grate the cross-section in equation(2) with Bose-Einstein
distribution as weight factor over gluon momentum to
calculate the dissociation rate due to gluonic dissocia-
tion i.e., Γgd,nl .
Collisional Damping
We expect bound state of bottomonia to dissociate
while it traverses through QGP due to collision with
plasma constituents. To account for this effect, we use
a potential non-relativistic QCD (pNRQCD) formalism
which depends on the imaginary part of the potential
between quark anti-quark pair. The complex potential
between quark anti-quark pair as determined by Laine
et al., [35] using effective field theory as;
V(r,mD) =
σ
mD
(1− e−mDr)− αeff
(
mD +
e−mDr
r
)
− iαeffT
∫
∞
0
dz 2z
(1+ z2)2
(
1− sin(mDrz)
mDrz
)
(4)
Where,
αeff = 4α
s
s/3,
σ is the string tension, whose value is 0.192 GeV2,
mD is the Debye mass which is expressed as;
mD = T
√
4παTs
(
Nc
3 +
N f
6
)
.
Here, Nc and N f are the number of color charges and
number of flavors, respectively.
We take the expectation value of the imaginary part of
this potential to get the dissociation width correspond-
ing to collisional damping [36] as;
Γdamp,nl(τ, pT, b) =
∫
gnl(r)
† Im(V) gnl(r) dr, (5)
where, gnl(r) is the singlet wavefunction of the bottomo-
nium.
Color Screening
Due to free color charges in QGP medium, free bot-
tom quark and bottom anti-quark will experience a re-
duced color potential among themselves affecting the
formation of bound state. Bottomonium state in plasma
would no longer exists beyond a certain dissociation.
This phenomenon is called color screening [12]. To de-
cide the duration for which color screening will be in ef-
fect under expandingmedium, wemark the end of QGP
phase at the point when pressure reduces at hydroniza-
tion(this happens around the same time as chemical
freezeout). We have a screening region where effective
temperature is greater than the dissociation temperature
of the meson of interest i.e. bottomonium. We take the
pressure cooling law as [15];
p(τ, r) = −c1 + c2 c
2
s
τ(c
2
s+1)
+
4η
3τ
( c2s + 1
c2s − 1
)
+
c3
τc
2
s
(6)
where, cs is the speed of sound and c1, c2, c3 are
the constants determined using the following boundary
conditions.
p(τi, r) = p(τi, 0)h(r) ; p(τs, r) = pQGP (7)
Here, τi is the initial thermalization time, τs is the
screening time, pQGP is the QGP pressure inside the
screening region and h(r) is the radial distribution func-
tion in transverse direction given by,
h(r) =
(
1− r
2
R2T
)β
θ(RT − r). (8)
The b− b¯ pair present inside the screening regionmay
escape this region provided they have enough kinetic
energy and are nearer to the boundary of this region
(i.e., |~r + vTτF| > rs; kinematic condition for escape),
which itself evolves with time. Here rs is the radius of
the screening region, which is determined by pressure
profile in the transverse plane and pressure cooling law
and using the fact that at the boundary of the screen-
ing region, the formation time and screening time both
becomes equal. The kinematic condition restricts the al-
lowed values of azimuthal angle φmax(r) for survival of
quarkonium within the QGP medium. We find the sup-
pression in terms of survival probability due to color
screening, SQc (pT, b) by integrating formation probabil-
ity of bound states over range of φmax(r) allowed by
kinematic condition and r = 0 to RT divided by sim-
ilar integration with φmax(r) varying from 0 to 2π and
the same range of r. Obviously, the suppression is in-
versely proportional to the survival probability of the
bound state inside plasma.
Shadowing
The shadowing correction to RAA applied in our for-
malism is a modified version of the similar work by
R. Vogt [37]. We have replaced the shadowing factors
used for gluons from EPS09 [38] to the more recent
EPPS16 [39]. The central fit set is selected out of vari-
ous available error set in EPPS16. The parton distribu-
tion function of gluons have been updated to CT14 [40]
from the earlier PDFs CTEQ6 [41]. The contribution of
suppression arising due to the shadowing effect is ex-
pressed as [42],
5Ssh(pT, b) =
dσAA/dy
TAAdσpp/dy
. (9)
Shadowing effect influences the initial production of
bottomonium. Hence, we calculate the shadowing cor-
rected initial number of bottomonium given by,
N iQ(τ0, b) = NQ(τ0, b)Ssh(pT, b). (10)
C. Recombination mechanisms
We have incorporated the possibility of recombina-
tion of b − b¯ due to de-excitation of octet to singlet state
by emission of a gluon, even though it will be negligible
for the case of bottomonium. We find the recombination
cross-section in QGP using detailed balance from glu-
onic dissociation cross-section as [18];
σf ,nl =
48
36
σd,nl
(s − M2nl)2
s(s − 4mqmq¯) , (11)
where, s is the Mandelstan variable, Mnl , mb and mb¯
are the masses of bottomonium, bottom quark and bot-
tom anti-quark, respectively. We then define a recom-
bination factor as the thermal average of the product of
the above cross-section and relative velocity between b
and b¯ as, ΓF,nl = 〈σf ,nl vrel〉k.
D. Final Number of Bottomonium
Due to all of the above effects, the bottomonia can dis-
sociate or the correlated b − b¯ pair can recombine again
into bound states. We assume that this interplay of dis-
sociation and recombination is governed by a simple
first order differential equation given as [43];
dNQ(τ)
dτ
=
ΓF,nl NqNq¯
V(τ)
− ΓD,nl NQ (12)
Here, NQ is the bottomonia yield at a given value of
proper time (τ). First and second terms on right hand
side of this equation corresponds to the recombination
and dissociation terms, respectively. ΓF,nl and ΓD,nl are
the corresponding recombination and dissociation rates.
Nq and Nq¯ are the number of heavy quark and anti-
quark produced in p−p collision. V(τ) is the instan-
taneous volume of the expanding fireball.
The solution for the above first order differential
equation under the approximation that, NQ < Nq,Nq¯ is
given by,
NQ(τQGP, pT) = ǫ(τQGP, pT)
[
NQ(τ0)
+ NqNq¯
∫ τQGP
τ0
ΓF,nl(τ, pT)
V(τ) ǫ(τ, pT)
dτ
]
, (13)
where τQGP is the QGP lifetime and τ0 is the initial time
at which we start hydrodynamics and which also marks
the beginning of QGP stage.
The first term inside the bracket on right hand side in
Equation (13) is the bottomonia produced at initial hard
scattering stage. NQ(τ0) is calculated as [44];
NQ(τ0, b) = σ
NN
Q TAA(b), (14)
where, σNNQ is the production cross-section of the bot-
tomonium at a given collisional energy. TAA(b) is the
nuclear overlap function. V(τ) in equation (13) is vol-
ume of fireball given by the formula;
V(τ) = τ0πR
2
T
(
τ0
τ
) 1
R−1
(15)
where, RT is the radius of colliding nuclei and R is the
Reynold’s number.
ǫ(τ, pT) in equation (13) is a suppression factor inte-
grated cumulatively in τ values and is given by;
ǫ(τ, pT) = exp
(
−
∫ τ
τ′nl
ΓD,nl(τ
′, pT)dτ′
)
. (16)
Equation (13) also has multiplicative suppression fac-
tor which is integrated for the complete QGP lifetime
and is calculated as;
ǫ(τQGP, pT) = exp
(
−
∫ τQGP
τ′nl
ΓD,nl(τ, pT)dτ
)
(17)
In the above equation, τ′nl is the time required for the
formation of a given bottomonium state within QGP.
We have calculated the ratio, NQ/N
i
Q (which is equiv-
alent to measured value of suppression expressed as,
RAA) and refer it to as Survival probability (S
′
p). The
color screening has been considered as an independent
effect and hence the total survival probability is calcu-
lated as Sp = S′p × SQc . A feed-down scheme is utilized
to find the total yield of bottomonium states from other
higher excited states [16].
III. RESULTS AND DISCUSSIONS
Results have been generated for centrality range of 0-
100%, transverse momentum range of 1− 30 GeV/c and
rapidity range of |y| < 3.6 which covers the ranges of
experimentally available data from CMS and ALICE at
both 2.76 TeV and 5.02 TeV [45–48]. ALICE experimen-
tal data is available at forward rapidity complements
very well the broader rapidity range of CMS data espe-
cially for pT and Npart dependence of Υ(2S) at 5.02 TeV.
The standard deviation (σT) of the Gaussian weight fac-
tor used for integrating temperatures as mentioned in
6FIG. 2: Centrality dependence of suppression for Υ and RAA at
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Section (II-A) has been varied to obtain a shaded patch
of possible survival probabilities as shown in the fig-
ures. For 2.76 TeV the standard deviation value lies be-
tween 1.5 < σT < 3 and for 5.02 TeV, it spans as 2.5 < σT
< 4. Selecting σT greater than the upper limits for the
two energies was making the QGP lifetime in periph-
eral collisions at extreme rapidity values smaller than
the formation time of Υ(1S) and Υ(2S) state. Selecting
σT smaller than the lower limits was undermining the
temperatures at large x-y values rendering the purpose
of integration futile.
Fig.(2) depicts the centrality dependence of suppres-
sion for Υ(1S) and Υ(2S) states at 2.76 TeV as calculated
by our present model. The corresponding experimen-
tal suppression data are shown for comparison. Our
calculated values of the survival probability for Υ(1S)
lie very close to the ALICE data and are following the
trend of CMS data. As far as comparison with CMS
data is concerned, our predicted values are showing
over-suppression especially at more central collisions.
Whereas for Υ(2S), our predicted values are in fairly
good agreement with the corresponding RAA data ob-
tained from the CMS experiment.
Fig.(3) shows the variation of our predicted values
of suppression for Υ(1S) and Υ(2S) with respect to the
transverse momentum at the 2.76 TeV center of mass en-
ergy. On comparison, we find that agreement among
our calculated and measured values for Υ(2S) are rea-
sonable well under uncertainty. However, for Υ(1S), the
measured values lie slightly above the predicted values.
In Fig.(4), we have plotted our theoretical results of
rapidity dependence of Υ(1S) and Υ(2S) suppression
along with the corresponding experimental data. We
find a quite reasonable agreement in case of Υ(2S) than
Υ(1S)within the uncertainty limit. Although agreement
in the case of rapidity dependence of Υ(1S) is not good.
This is new prediction that arises due to interfacing of
our earlier model with the ECHO-QGP’s hydrodynamic
expansion. In this way, we see that at 2.76 TeV LHC
center of mass energy, the agreement between our cal-
culated values of bottomonium suppression and corre-
sponding measured experimental data are reasonably
7FIG. 4: Rapidity dependence of suppression for Υ compared with RAA at
√
sNN = 2.76 TeV
FIG. 5: Centrality dependence of suppression for Υ compared with RAA at
√
sNN = 5.02 TeV
FIG. 6: Transverse momentum dependence of suppression for Υ compared with RAA at
√
sNN = 5.02 TeV
8FIG. 7: Rapidity dependence of suppression for Υ compared with RAA at
√
sNN = 5.02 TeV
well under the theoretical and experimental uncertainty
limit.
Fig.(5) depicts the variation of survival probability for
both the bottomonium states with respect to the central-
ity at 5.02 TeV center of mass energy. The measured val-
ues of suppression versus centrality have been shown
on the same plot for comparison. It is quite obvious
from the Fig.(5) that the agreement between our theo-
retically predicted values and the measured values are
quite good for both the states over whole range of cen-
trality except at few most central points. Since at 5.02
TeV LHC energy, ALICE and CMS data points associ-
ated with the centrality dependence are quite close to
each other, it can be concluded that our calculated val-
ues are fairly close with both the data sets.
Transverse momentum dependence of the survival
probability values are plotted in Fig.(6) along with the
measured values of RAA for both the bottomonium
states at 5.02 TeV, center of mass energy. The agreement
for Υ(2S) state is reasonably well whereas for Υ(1S), it
is slightly poor. ALICE and CMS data points are quite
close here and are showing less suppression as com-
pared to our calculated values.
Finally, rapidity dependant survival probability at
5.02 TeV energy is shown in Fig.(7) for both the bottomo-
nium states. On comparison with the corresponding ex-
perimentally measured data, our results are quite com-
parable with measured values qualitatively as well as
quantitatively for Υ(2S). Again, for Υ(1S), our model
values are showing more suppression as compared to
meassured one. Here it is worthwhile to mention that
our formalism is predicting the values for pT > 25GeV/c
for Υ(1S) and Υ(2S) at 2.76 TeV and y > 2.4 for Υ(2S)
states at both the center of mass energies. Thus a com-
plete dependence of bottomonium suppression for both
the states spanning over two LHC energies has shown
a very convincing agreement with the measured values
by taking the values of input parameters within gener-
ally accepted ranges.
IV. SUMMARY AND CONCLUSION
To summarize, we have used the improved quarko-
nia suppression formalism for bottomonium at 2.76 TeV
and 5.02 TeV. ECHO-QGP has allowed us to find (3+ 1)-
dimensional evolution of all physical quantities. QGP
lifetimes with centrality and rapidity dependence has
been extracted from ECHO-QGP which are then fed to
suppression formalism. We solved the Schrödinger’s
equation to calculate dissociation widths due to glu-
onic dissociation. The expectation value of the imagi-
nary part of potential gave us the collisional damping
width. Color screening is assumed to happen over the
QGP lifetime and its survival probability is indepen-
dently multiplied with the total Sp value from rest of
the effects. Shadowing effect has been updated with the
recent gluon PDFs and shadowing factors. A feed-down
scheme accounts for quarkonia number after decay from
excited states to (1S) and (2S) states. Theoretically cal-
culated suppression is compared with RAA at two LHC
energies.
The uncertainty in temperature integration from
ECHO-QGP is translated into uncertainty in final sup-
pression. Centrality dependant suppression is in good
agreement with RAA at both energies. For pT depen-
dence at both energies we could see that for Υ(1S),
our model under-predicts the results whereas for Υ(2S),
suppression is within acceptable limits. To talk about
rapidity dependences of suppression at both energies,
our model has produced not so good results for Υ(1S)
but fairly well suppression for Υ(2S) data. In future, we
plan to test this model further with a more varied set of
parameters and other systems of collision and center of
mass energies.
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